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65 n u nribB r of <r63S JSSiVi^ ich s^ ^not ^6J^^|!6 ly 



The present invention rel&tes to a pro^ss for 
the distillation of readily polymerizable vinyl 
5 aromatic corhROunds. More particularly, the 
present Invention relates to a process wherein 
styrene>,subStituted styrjije, diyinv^ 
poiyvln^b^eneS ar« sitSj^6te#iCTle#tGd 
temperatures such as In the distillation thereof, 

1 0 wfiiei^l^i^pjinj Mds^^^f Milti^^ 
du^n^^lWoli is 'f^acedw^Han?^^ 
period^dfti^e/ i 

It Is well known that vinyl aromatic compounds 
such as mohprneric styrene, lower alkylated 

1 5 styrene/e^g., alpha-methyl styrene, and 
divinylbenzene polymerize readily and 
furthermore, that the rate of polymerization 
increases with Increasing temperature, fnasmuch 
as styrene and divinylbenzene produced by 

20 common industrial methods contained Impurities, 
these compounds must be subjected to separation 
and purification processes in order to be suitable 
for most types of further industrial use. Such 
separation and purification Is generally 

25 accomplished by distillation. 

In order to prevent polymerization at the 
conditions needed to distil vinyl aromatic 
compounds, various types of known 
polymerization inhibitors have been employed in 

30 connection with prior art distillation processes. For 
example, common Inhibitors useful for Inhibiting 
the polymerization of vinyl aromatlcs under 
distillation conditions include 4-tert-butylcatechol 
(TBC) and hydroquinone. It is preferred, however, 

35 to purify vinyl aromatics by using vaccum 

distillation techniques, whereby these commonly 
employed Inhibitors are rendered unsuitable in 
view of the fact that they are effective only In the 
presence of oxygen. The partial pressure of oxygen 

40 in a vacuum distillation column Is too tow for 
these conventional Inhibitors to be effiacth^e. 
Sulphur is perhaps the polymerization inhibitor 
most commonly employed to inhibit 
polymerization of vinyl aromatic compounds 

45 during distillation, since sulphur does provide 
effective inhibition In the absence of oxygen. 
While sulphur provides a reasonably effective 
inhibitor, its use In distillation processes results In 
one very significant disadvantage, namely, there Is 

50 formed in the reboller bottoms of the distillation 
column a valueless waste material which Is highly 
contaminated with sulphur. This waste material 
furthermore represents a significant pollution or 
waste removal problem, although the disposal 

55 problem may be ameliorated som what by 
extracting the sulphur from the distillation 
bottoms and recycling it back into the distillation 
system, as described in U.S. Patent No. 
3,629,076. H waver, this method requires an 

60 expensive methanol extraction step. 

Although many compounds are effective for 
inhibiting the polymerization of vinyl aromatic 
compounds under differing conditions, B.g. 
storage, other purification techniques, etc, for a 
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utility for inhibiting vinyl anomatic polymerization 
under distillation conditions, particularly under 
vacuum distillation conditions. In addition, certain 
compoundfe whlfiySia^e^u 
pGiyminMtibnf#l3ne^fVT^^ 
compound, for example^styrene, have proved to 
beAessentiaJJiiJp^ 

aroffl&ic€6rnpGuhdrfdt^e^^ 
A linrifted number of nitroso corppounds have 
prov^^o be effective for ihhiblting^^ 
of styrene monomer during distillation. For 
example, N-nitroso phenylhydroxylamine and p- 
nitroso-N,IVi-dimethylaniline are reasonably 
effective Inhibitors for the distillation of styrene, 
although they are not particulariy soluble in 
styrene monomer. On the other hand, N-nltroso 
diphenylamine disclosed in U.S. Patent No. 
3,81 6,265, has been demonstrated to be a 
particulariy effective polymerization inhibitor 
under vacuum distillation conditions for both 
styrene and divinylbenzene, whereas, N-nitroso- 
methylanlline as disclosed in U.S. Patent 
Application Serial No. 288,138 has been found to 
be an excellent polymerization inhibitor for styrene 
under vacuum distillation conditions. One of the 
most effective inhibitor systems known for 
divfnyibenezene comprises a mixture of sulphur 
and N-nitroso phenylhydr(»cylamlne. In addition to 
the nftrold compounds, it has been found that m- 
nrtro-p-cresol is an effective inhibitor. 

In a typical distillation process for vinyl 
aromatic compounds utilizing a polymerization 
inhibitor, the mixture of vinyl aromatic compound 
to be distilled is generally contacted with the 
chemical polymerization Inhibitor prior to being 
subjected to distillation conditions in the 
distillation apparatus. It remains as a significant 
problem today that the amount of polymer formed 
In the distillation apparatus and in the high purity 
product recovered therefrom is substantially 
higher than desired, and occasionally, that 
complete polymerization occurs inside of the 
distillation apparatus For example, in the process 
of distilling crude divinylbenzene (a mixture 
containing divlnylbenzenes, diethylbenzenes and 
monovlnylbenzenes) to obtain high purity 
divlnylbenzenes, even when Inhibited with sulphur 
and TBC, a divinylbenzene product Is obtained 
which contains significant quantities of polymer 
which are difficult to separate from the product 
anddetrim ntal to the end us of such 
divlnylbenzenes. Furthermore, the material which 
is removed from the bottom or reboller area of the 
distillation apparatus is a highly polluting sulphur- 
containing waste material which must be 
disposed of. 

According t the present invention, there Is . 
provided a method for the distillation of a readily 
polymerizable vinyl aromatic compound, which 
method comprises introducing a feed of Impure 
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vinyl aromatic compound into a distillation 
apparatus; introducing an effective polymerization 
Inhibiting amount of 2,6-dinitro-p-cresol into the 
distillation apparatus, and then distilling the feed 
5 under distillation conditions of elevated 

temperature in the presence of the 2,6-dinltro-p- 
cresol polymerization inhibitor to recover an 
overhead product of high purity vinyl aromatic 
product and a residual bottoms fraction having a 

1 0 reduced content of polymeric material. In a 
preferred embodiment the vinyl aromatic 
compound preferably comprises styrene, and is 
distilled in a distillation train comprising a 
benzene-toluene column, an ethylbenzene 

1 6 column, and a styrene column, although ft is to be 
emphasized that the distillation method of the 
present invention Is equally advantageous for use 
with other vinyl aromatic compounds and with 
other distillation equipment such as would be well 

20 known to those skilled In the art. 

The 2,6-dInitro-p-cresoI is preferably added to 
the distillation apparatus In the lower or reboiler 
region thereof or admixed with the styrene feed In 
order to optimize Inhibitor distribution throughout 

25 the distillation system; we have found that 
optimum protection against polymerization Is 
achieved when the distribution of inhibitor within 
ach column is commensurate with the 
distribution of styrene therein. As 2,6<iinftro-p- 

30 cresol, hereinafter rsfsned to as DNPC, Is volatile, 
the widest Inhibitor protection Is obtained by 
adding the DNPC in this region. In order to 
conserve inhibitor and thereby reduce operating 
costs. It is also preferred that at least a portion of 

35 the tar produced by the distillation be recycled 
back to at least the recycle column of the 
distillation apparatus, as the tar has been found to 
contain a considerable amount of DNPC which Is 
capable of reuse. 

40 Through the use of the process according to the 
present invention, the amount of polymerization 
occuning within the distillation apparatus is 
significantiy reduced In comparison to 
conventionally employed methods. In addition, the 

45 amount of desired distillation product Is increased 
In proportion to the decrease In the amount of 
polymer formation. Still further, the material 
accumulating In the bottom or reboiler area of the 
distillation apparatus can be reused, e.g., for Its 

50 fuel value or for reprocessing, which Is a distinct 
advantage over conventional methods utilizing 
sulphur as a polymerization inhibitor which 
produces a highly polluting waste material In the 
reboiler area. 

55 The present invention will now be described 
further, by way of example only, with reference to 
the accompanying drawings. In which: — 
Figure 1 is a schematic diagram of on 
embodiment of the distillatkm method of the 

60 present Invention applied to a typical three column 
distillati n train comprising a first fractionation 
column, a recycle column, and a finishing column; 
and. 

Figure 2 Is a schematic diagram of the present 
65 distillation method applied to another common 



distillation train in which a crude vinyl aromatic 
compound feed is introduced directly into the 
recycle column wherein the lower boiling 
components are removed as onp overhead 

70 fraction and subsequentiy separated in an off- 
stream column. 

The distillation process of the present invention 
empbys 2,6-dinltro-p-cresol as tiie polymerization 
inhibitor during the distillation of vinyl aromatic 

76 compounds. Typically, the distillation process Is 
carried out under reduced pressure, e.g., vaccum 
distillation, and one of the significant advantages 
of the invention is that the use of sulphur in the 
distillation system can be avoided. 

80 The distillation techniques of the process of the 
present Invention are suitable for use In virtually 
any type of separation of a readily polymerizable 
vinyl aromatic compound from a mixture wherein 
the vinyl aromatic compound is suljected to 

85 temperatures above room temperature. 

Surprisingly, the process of the present invention 
has been found particulariy useful In vaccum 
distillation techniques, the prefened method for 
separating unstable organic liquid mixtures. In its 

90 most useful application, the distillation process of 
the present invention Is applied to a distillation 
mixture containing one of the vinyl aromatic 
compounds selected from styrene, alpha- 
' methylstyrene, vinyltoluene, vinylnaphthalene, 

95 di^nylbenzenes and polyvinylbenzenes. The 
preferred application of the present invention 
relates to the distillation of crude divlnylbenzene 
or crude styrene under vacuum distillation 
conditions. 

1 00 The amount of polymerization Inhibitor added 
may vary over a wide range depending upon the 
conditions of distillation. Generally, the degree of 
stabilization is proportional to the amount of 
inhibitor added. In accordance with the present 

1 05 Invention, It has been found that Inhibitor 

concentrations generally from 50 ppm and 3000 
ppm by weight have generally provided suitable 
results, depending primarily upon the temperature 
of the distillation mixture and the degree of 

1 1 0 Inhlbhion desired. More often, however, with the 
inhibitor of the present invention it is used In 
concentrations of 1 00 to 1 000 ppm. 

During vacuum distillation of the 
dVlnylbenzene-containIng mixtures and styrene- 

115 containing mixtures, the temperature of the t 
reboiler Is preferably maintained from 1 50**F to 
250®F by controlling reboiler pressure at from 30 
mm to 400 mm of Hg. Under such conditions. In a , 
distillation apparatus having a distillation zone 

1 20 containing from 50 to TOO distillation stages, 
inhibitor mixture concentrations of from 1 00 ppm 
to 2000 ppm by weight are suitable, whereas 
concentrations of from 1 00 ppm to 1 000 ppm by 
weight, preferably 200 to 600 ppm by weight, are 

125 preferred In the case of styren distillation and 
concentrations In the range of fix>m about 200 
ppm to about 1000 ppm by weight ere prefenred 
for distillation of divlnylbenzene. The foregoing 
ranges are based upon distillation temperatures of 

130 from 1 50 to 250°F and residence times of from 2 
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to 4 houre. Obviously, fn the lower portions of the 
temperature and resldenc time ranges, smaller 
amounts of Inhibitor may be utilized. Obviously, 
amounts of inhibitor greater than those specified 
^ hereinabove may be employed, although the 
advantages of adding the additional inhibitor are 
not significant and are outweighed by the 
" corresponding increase in cost. 

The polymerization Inhibitor of the present 

1 0 Invention may be Introduced into the distillation 
apparatus in any convenient manner which 
permits efficient distribution of the inhibitor 
throughout the apparatus. Typically and most 
advantageously, the required amount of inhibitor 

1 5 is simply added to the reboller area of the 

distillation column, although equivalent results^ 
may be obtained by Incorporating the inhibitor into 
the Incoming hot stream of vinyl aromatic 
compound. Also, the inhibitor may be added at 

20 both reboiler and directly into the distillation 
column. Either and/or both methods of addition 
provide a distribution of inhibitor which is 
commensurate with the distribution of the vinyl 
aromatic compound within the distillation system 

25 and is essentia! for effective polymerization 
Inhibition. 

Since the inhibitor is gradually depleted during 
distillation, it is generally necessary to maintain 
the appropriate amount of Inhibitor in the 

30 distillation apparatus by adding inhibitor during 
the course of the distillation process. Such 
addition may be cam'ed out either on a generally 
continuous basis or it may consist of Intermittent 
changing of inhib'rtor Into the distillation system. 

35 The means by which the maintenance of the 

necessary concentration of the Inhibitor system Is 
cam'ed out Is of no particular importance as long 
as the concentration of Inhibitor is kept about the 
minimum required level. 

40 One method by which the amount of Inhibitor 
which Is gradually depleted during distillation and 
the Increased cost necessitated thereby may be 
minimized is by recycling a portion of the 
distillation residue or tar back into the distillation 

45 system. We have found that the distillation residue 
contains a substantial quantity of DNPC 
polymerization Inhibitor which may be reutilized In 
the distillation system which a concomitant 
reduction In the process requirements for 

50 i additional inhibitor. Moreover, by recycling a 
portion of the tar, the amount of DNPC Inhibitor 
within the distillation system may be significantly 
, increased, thereby enhancing protection against 
polymerization within the system. 

55 The tar may be recycled back into the 

distillation system at any desirable point therein 
such as would be obvious to those skilled In the 
art However, In a typical distillation train 
comprising a first fractionation column, a recycle 

60 column, and a finishing column, ad quate Inhibitor 
protection within the recycle column has been 
found to be essential to the elimination of thermal 
polymer, since the high distillation temperatures 
necessary to achieve adequate fractionation 

66 between the similar boiling compounds separated 



therein causes the formation of a substantial 
portion of the total thermal polymer formed within 
the distillation system as a whole. Ind ed, with 
conventional processes, approximately 80% of the 

70 total thermal polymer formed is attributable to the 
recycle column. Accordingly, In the preferred 
embodiment, the portion of tar recycled is 
recycled to at least the recycle column, and 
preferably into the lower regions of the recycle 

75 column in order to provide a locus of DNPC 

distribution which corresponds to the distribution 
of vinyl aromatic compound therein. Optionally, 
additional tar may be recycled for addition back 
into the distillation system at other points, such 

80 as, for example, baclc into the first fractionation 
column. 

One convenient method by which the tar may 
be recycled back into the distillation system Is 
simply by Incorporating the tar Into an incoming 
85 feed of vinyl aromatic compound or DNPC 

inhibitor. The amount of tar which is recycled back 
into the distillation system relative to the amount 
of faed may comprise any desirable amount. A 
larger amount of tar recycle will Increase the 
90 loading of DNPC within the distillation system. 
However, larger amounts of tar recycle will also 
increase the volume of bottoms material, and the 
amount of tar recycle will necessarily be 
constrained thereby. 
95 Referring to the drawings. Figure 1 Illustrates 
the application of the distillation method of the 
present invention to a conventional styrene 
distillation train comprising a benzene-toluene 
fractionation column 5, refen^d to In the Industry 

1 00 as a B-T column, an ethylbenzene or recycle 
column 1 3, and a styrene or finishing 
column 25, although It is to be emphasized that 
the operational principles of the instant distillation 
method are highly suitable for use, with minor 

1 05 modification, with the distillation equipment 
utilized In the purification of other vinyl aromatic 
compounds. As shown In Rgure 1, a heated crude 
styrene feed Is introduced into the Intermediate 
portion of B-T column 5 through feed line 1 . The 

1 1 0 B-T column 5 may be of any suitable design 

known to those skilled In the art and may contain 
any suitable number of vapor-liquld contacting 
devices, such as bubble cap trays, perforated 
trays, valve trays, eta Usually, however, column 5 

1 1 5 contains less than 40 distillation trays. Column 6 
is also equipped with a suitable reboiler 7 for 
supplying heat thereto. 

While most of the thermal polymer is formed in 
the ethylbenzene or recycle column 13, a small 

1 20 but significant amount of the total thermal 

polymer formed during distillation Is formed In the 
B-T column 5. Accordingly, a polymerization 
inhibitor is essential within this column. To this 
end, the DNPC polymerization Inhibitor may be 

1 26 Introduced Into the B-T column 5 as a separate 
stream through line 3, or It may be incorporated 
into the crude styren feed flowing through line 1 
for introduction into this column. When the DNPC 
polymerization inhibitor is added to th B-T 

1 30 column 5 as a separate stream, the DNPC Is 
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preferably dissolved in a volatile aromatic 
hydrocarb n diluent Th volatile aromatic 
hydrocarbon diluent may comprise any suitabi 
volatile aromatic hydrocarbon in which the DNPC 
5 inhibitor is soluble. By way of example, this diluent 
may Include benzene, toluene, ethylbenzene, or 
styrene itself. Preferably, however, the volatile 
aromatic diluent comprises styrene since use of 
this diluent permits the distribution of the DNPC 

1 0 inhibitor to correspond with the locus of 
distribution of styrene within the column. 
Generally, effective polymerization inhibition can 
be achieved by providing an inhibitor distribution 
which is coincident with the distribution of the 

1 5 readily polymerizable vinyl aromatic compound. 
Under the distillation conditions imposed in 
column 6, an overhead stream comprising 
benzene and toluene Is removed from the column 
via line 9. These low-boiling aromatic 

20 hydrocarix}ns ere subsequentiy condensed and 
passed to storage for further use. The bottoms 
product in the B-T column, comprising styrene, 
ehtylbenzene, inhibitor, and tar, serves as charge 
to the recycle orethylbenzene column 1 3 and la 

25 Introduced Into the Intermediate portion thereof 
by means of line 1 1 and pump 1 2. In order to 
reduce the viscosity of the B-T column bottoms 
product, a non-volatile hydrocarison diluent may 
be Introduced Into line 1 1 and thence Into recycle 

30 column 1 3 by way of line 1 0. Any suitable non- 
volatile hydrocarbon diluent may be used, the only 
requirements being that the rran-volatlle diluent Is 
soluble and sufficfently higher boiling than styrene 
for ready separation by fractionation. Typical 

35 materials used for this purpose indude 

isopropylbenzene, butylbenzene, and xylene 
bottoms. Preferably, however, the non-volatile 
hydrocarbon diluent comprises a 
polyethylbenzene re^'due. The ethylbenzene or 

40 recycle column 1 3 may be of any suitable design 
known to those stdlled in the art and may contain 
from 40 to 1 00 traya Preferably, however, the 
recycle column Is of the parallel path design, i.e., 
two parallel distillation paths descending through 

45 the column. Additionally, ft is also preferable that 
the recycle column contain a large number of 
trays, l.e. 72 In order to achieve a proper 
separation between the similar boiling styrene and 
ethylbenzene. The B-T bottoms are preferably 

50 Introduced Into the intermediate portion of the 
recycle column 1 3. Inhibitor protection within the 
ethylbenzene column 1 3 Is provided by the DNPC 
which Is present in the B-T bottoms which are 
charged thereto. Additionally, the loading of 

S5 Inhibitor within this column Is preferably 

supplemented by the recycle of tar thereto, as will 
be explained more fully hereinafter. Each side of 
the distillation column 13 also has connected 
therewith a reboiler 15. 

60 The ethylbenzene overhead product of the 
recycle column 13 Is w'thdrawn through line 17 
and Is subsequentiy condensed for reuse In an 
ethylbenzene dehydrogenation reactor. The 
recycle bottoms, comprising styrene. Inhibitor, 

65 • ■ polyethylbenzene dilu nt if utilized, and tar is 



withdrawn from the reboiler area of the recycl 
column 13 through line 1 9, The recycle bottoms is 
th n fed by pump 2 1 into the intermediate portion 
of the styrene or finishing column 25 through line 
70 1 9. Optionally, the bottoms ma'terial may also be 
Introduced Into the lower portion of the styrene 
column 25 through line 23. 

The finishing column 25 may be of any suitable 
design known to those skilled in the art A typical 
75 column will contain, for example, about 24 

distillation trays. A reboiler 39, preferably a forced 
flow reboiler, is also connected thereto in order to 
supply heat to the column. Due to the high 
viscosity of the styrene column bottoms, pump 37 
80 is also preferably employed to circulate the 
bottoms through reboiler 39 and into styrene 
column 25. Generally, Inhibitor protection is 
adequately provided In this column by the DNPC 
Inhibitor present In the feed. Since, however, 
85 Inhibitor Is gradually removed from the distillation 
system, in order to insure adequate inhibitor 
protection throughout the distillation train, the 
DNPC inhibitor Is preferably continuously added to 
the system through line 3, or in admixture with the 
90 crude styrene feed through line 1 , and a portion of 
the tar Is recycled at least back into the 
ethylbenzene column 13 In order to further 
supplement the amou nt of DNPC within the 
system. Coventionally, moreover, tertiary- 
95 butylcatechol (TBC) Is admixed with the high 
purfty styrene overhead product In reflux 
accumulator 29, through line 31, and a portion of 
this mixture Is retumed to the styrene column 25 
as reflux through line 33, providing thereby further 

1 00 protection against polymerization. 

The high purity styrene overiiead product 
withdrawn through line 27 from the styrene 
column 25 will generally be above 97% and even 
above 99% by weight styrene, depending upon 

1 05 the ultimate use. As has been mentioned, the high 
purity styrene overhead product Is admixed with a 
polymerization Inhibitor which is suitable to 
prevent polymerization during storage, 
conventionally TBC, In reflux accumulator 29. The 

1 1 0 majority of the purified styrene is withdrawn 
through line 35 to storage to await Its ultimate 
use. The styrene column bottoms product Is 
composed of polystyrene, undlstilled styrene, 
polyethylbenzene, and the DNPC Inhibitor. This 

116 fraction Is withdrawn from the styrene column 25 
Into flash pot 41 for further processing. The flash 
pot 41 is shown as comprising a bottom section of 
the styrene column 25. However, It should be t 
obvious to those skilled In the art that a separate 

1 20 unit could also be used. I the flash pot 41 , residual 
styrene Is removed from the bottoms from the 
styrene column and recycled back theret . A 
reboiler 45 supplies heat to the bottoms product 
In flash pot 41 , which Is circulated by pump 43. 

125 The tar produced In the flash pot 41 is withdrawn 
from the system on a continuous basis through 
line 49. 

In one particulariy preferred embodiment f the 
present Invention, a portion of the tar, containing 
1 30 substantial amounts of the DNPC Inhibitor, Is 



5 



GB 2 069 523 A 5 



recycled through line 47 for introduction into the 
ethylbenzene column 1 3. The portion of tar which 
is recycled may be added to the ethylbenzene 
column 1 3 by any method known to those skilled 
5 in the art Best results are obtained, as has been 
discussed supra, by adding the tar at a location in 
the ethylbenzene column which will give a 
distribution of DNPC inhibitor which coincides 
with the distribution of styrene therein. 

1 0 Conveniently, this may be done by incorporating 
the recycled tar into the incoming feed for the 
ethylbenzene column 1 3, which flows through line 
1 1 . Optionally, additional DNPC-contalning tar 
may be recycled for introduction Into the 

1 5 distillation train at other points, such as, for 
example, the B-T column 5 via lino 5 1 . By 
recycling the DNPC-contalning tar, the DNPC 
Inhibitor may thus be reused, accruing thereby a 
significant reduction in the process requirements 

20 for inhibitor. Moreover, tar recycle enables the 
Inhibftor loading to be conveniently Increased 
within the distillation train, particulariy within the 
critical ethylbenzene column which has been 
shown to contribute approximately 80% of the 

2 5 total thermal polymer fbrmed during distillation. 
Rgure 2 illustrates the application of the 
distillation method of the present invention to 
another typical distillation train for styrene. A 
styrene feed is introduced Into the intermediate 

30 portion of recyde column 63, which is preferably 
of the parallel distillation path design. Line 65 
supplies the DNPC Inhibitor to the recycle column 
63, preferably in the form of a DNPC-^oIatile 
hydrocarbon diluent solution. Heat is supplied to 

35 the bottoms of the column 63 by means of 
rebollers 67. Preferably, the polyethylbenzene 
residue diluent is Introduced into the reboilers 67 
through line 69 and dh^ergent legs 70. 
An overiiead product comprising benzene, 

40 toluene, and ethylbenzene Is withdrawn through 
line 71 for subsequent fractionation in distillation 
column 73. In column 73, benzene and toluence 
are withdrawn as an overhead fraction and are 
subsequently condensed for further use. An 

45 ethylbenzene bottoms product is withdrawn 
through line 79, and is recycled for use in an 
ethyttmnzene dehydrogenation reactor. Reboller 
75 provides the B-T column 73 with the necessary 
heat for distillation. Since no polymerizable vinyl 

50 aromatic material is present In the B-T column 54, 
the presence of an inhibitor therein Is 
unnecessary. ^ . 

The recycle bottoms product, comprising 
polystyrene, undistilled styrene^^aolyethylbenzene, 

55 and DNPC inhibitor Is withdrawn from recycle 
column 63 through line 81 . The Impure styrene 
fracti n is then charged to the upper portion of the 
styrene column 87 by means of pump 83. . 
Optionally, impure styrene may be introduced into 

60 the lower r gion of the styrene column 87 through 
line 85. A reboller circuit comprising reboller 89 
and pump 90 is attached to the styrene or 
finishing column 87 for supplying the necessary 
heat thereto. The purified styrene overhead 

65 product is vwthdrawn through line 9 1 to the reflux 



accumulator 93, wherein it is mixed with TBC 
arriving via line 95, A portion of this product is 
recycled through line 99 for addition to the 
finishing column 87 as reflux. The major portion of 

70 the purified styrene is withdrawn through line 97 
to storage. 

The finishing column bottoms product is 
directed to flash pot 1 0 1 for further processing. 
Flash pot 101 has connected thereto a suitable 

75 reboiler circuit comprising reboller 1 03 and pump 
1 05 to facilitate the further fractionation of the 
bottoms; The tar produced during the distillation 
process is withdrawn through line 107. in the 
preferred embodiment, a portion of this tar Is 

80 recycled to the recycle column 63 through line 
109 in order to conserve inhibitor and to 
supplement the inhibitor loadings within that 
column. 

Use of the distillation method of the present 
85 invention thus enables a distillation apparatus to 
operate with an increased rate as opposed to 
conventional prior art processes since the 
distribution and loading of DNPC inhibitor is 
optimized within the distillation train. By 
90 optimizing the distribution of the DNPC inhibitor 
within the recycle column to correspond with the 
locus of distribution of the vinyl aromatic 
compound, the amount of thermal polymer formed 
is substantially reduced over that occurring In 
95 conventional distillation processes. Consequently, 
higher distillation temperatures and higher 
pressures may be utilized without the formation of 
objectionable amounts of thermal polymer. In this 
manner, the rate of distillation may be Increased 

1 00 without Increasing the amount of polymerization 
which has been deemed to be acceptable in 
accordance with the conventional distillation 
procedures. 

Another factor enabling the distillation 

105 apparatus to operate at an Increased rate in 

accordance with the present invention as opposed 
to conventional prior art processes is the fact that 
the inhibitor system of the present invention is a 
more efficient inhibitor at normal temperatures 

110 than the conventional inhibitors, and will thus 
permit higher distillation temperatures and higher 
pressures. In this way, the rate of distillation can 
be increased without increasing the amount of 
polymerization which has been deemed to be 

1 1 5 acceptable in accordance with conventional 
distillation procedures. 

When the process of the present Invention is 
utilized, the bottoms material which accumulates 
during the distillation process can be drawn off 

1 20 and utilized for its heating value or for 

reprocessing. This represents another significant 
advantage In comparis n to conventional 
processes for vacuum distillation of vinyl aromatic 
comp unds which mploy sulphur as the 

1 25 polymerization Inhibitor, or sulphur in combination 
with other chemical p lymerization inhibit rs.ln 
these conventional processes, a bottoms material 
is formed which Is valueless for further use and 
constitutes a high polluting waste material which 

1 30 must be disposed of and which, in this regard, also 
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presents a problem of disposal. 

Upon recoveryf of th distillation product 
obtained from the process of the present 
invention, ft is found that a higher percentage of 
5 the pure readily pol/merizable vinyl aromatic 
compound is recovered in an unpolymerized state. 
Moreover, the concentrated distillation residues 
have a lower viscosity than those produced by 
conventional processes and are more easily 
1 0 handled and removed from the apparatus, as by 
pumping or the like. 

The present invention is illustrated further by 
the following Examples. 

EXAMPLE 1 

15 50 grams of styrene free of tert-butyl catechol 
were placed In a 1 00 ml flask fitted with a stirrer. 
The flask was also fitted with a reflux condenser 
open to the air. There was then added to the flask 
400 ppm of 2,6-dinitro-p-cresol. The flask and 

20 contents were heated in an oil bath which is 

thermostatically controlled at 1 1 5®C. ± 2**C. 1 ml 
samples of the styrene are periodically withdrawn 
from the flask and are mixed with 3 ml of 
methanol to determine the qualitative extent of 

25 polymerization. At the end of five hours, there was 
still no significant predpttatlon of styrene polymer 
indicating m-nitro-p-cresol to be an effective 
retardant to polymerization during distillation of 
styrene. 

30 EXAMPLE 2 

Example 1 is repeated substituting 
dMnylbenzene for styrene. Substantially 
equivalent results are obtained. 

CLAIMS 

35 1 . A method for the distillation of a readily 
polymerizable vinyl aromatic compound 
employing 2,6-dinftrD-p-cresol as a polymerization 
inhibitor, comprising the steps of: 

a. introducing a feed of Impure vinyl aromatic 
40 compound Into a distillation apparatus; 

b. introducing an effective polymerization 
Inhibiting amount of 2,6-dinitro-p-cresol into the 
distillation apparatus; and 

a distilling the feed under distillation conditions 
45 of elevated temperature In the presence of the 
polymerization inhibitor to recover from the 
distillation apparatus an overhead product of high 
purity vinyl aromatic compound and a residual 
bottoms fraction having a reduced content of 
50 polymeric material. * 

2. A method according to Claim 1 , wherein the 
Inhibftor Is Introduced Into the reboller area of the 
distillation apparatus. 

3. A method according to Claim 1 , wherein the 
55 Inhibitor Is Introduced Into the distillation 

apparatus by Incorporating the Inhibitor into the 
vinyl aromatic compound feed stream. 

4. A method according to Qaim 1 , 2, or 3, 
further comprising recycling a portion of said 

60 residual bottoms fraction back into the distillation 
apparatus. 



5. A meth d according to any one of the 
preceding claims, wh rein the vinyl aromatic 
compound comprises styrene. 
65 6. A method according to any on of the 
preceding claims, wherein the vinyl aromatic 
compound is distilled under vacuum distillation 
conditions. 

7. A method according to any one of the 

70 preceding claims, wherein the inhibitor is used In 
an amount of from 50 to 3000 ppm by weight of 
the vinyl aromatic compound. 

8. A method according to Claim 5, 6 or 7, 
wherein the inhibitor is used in an amount of from 

75 1 00 to 600 ppm by weight of styrene. 

9. A method according to any one of Claims 5 
to 8, wherein the feed is distilled by fractionating 
the feed into an overhead product comprising 
benzene and toluene, and a bottoms fraction In a 

80 benzene-toluene column; fractionating the 

bottoms of said benzene-toluene column into an 
ethyl-benzene overhead fraction arKi en impure 
styrene bottoms material In an ethylbenzene 
oolumn; and fractionating said impure styrene 

85 bottoms from said ethylbenzene column into an 
overhead of high purity styrene and a bottoms 
fraction In a styrene column. 

1 0. A method according to Claim 9, further 
comprising returning a portion of the high purity 

90 styrene overhead to the styrene column as reflux. 

1 1. A method according to Claim 9 or 1 0, 
further comprising separating the bottoms fraction 
of the styrene column into a styrene-containing 
overhead and a residual bottoms fraction, and 

9 5 recycling the styrene-contalning overinead back to 
the styrene column. 

12. A method according to Claim 1 1 , wherein 
the portion of the residual bottoms fraction which 
is recycled back to the distillation apparatus Is 

1 00 recycled back to at least the ethylbenzene column. 

13. A method according to Claim 1 2, wherein 
the portion of the residual bottoms fraction which 
Is recycled to the ehtylbenzene column Is admixed 
with the feed to the column. 

105 1 4. A method according to Claim 1 2 or 1 3, 
wherein the portion of the residual bottoms 
fraction which Is recycled back to the distillation 
apparatus is also recycled back to the benzene- 
toluene column. 

110 1 5. A method according to any one of Claims 9 
to 1 4, wherein the polymerization Inhibitor Is 
Introduced into the distillation apparatus by 
adding the inhibitor to the benzene-toluene 
oolumn. ^ 

115 16. A method according to Claim 1 5, wherein 
the polymerization inhibitor is continuously added 
to the benzene-toluene column. 

17. A method according to anyone of Claims 5 
to 8, wherein said feed is distilled by fractionating 

1 20 eaid feed into an verhead comprising benzene, 
toluene, and ethylbenzene, and an Impure styrene 
bottoms material in a first fractionation column; 
the overhead is separated In a second 
fractionation column Into a benzene-toluene 

125 stream and an ethylbenzene stream; and the 
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impure styrene bottoms are separated in a styrene 
column into an overhead product of high purity 
styrene and a bottoms fraction, 
; 1 8. A method according to Claim 1 7, further 
5 comprising separating the bottoms fraction of the 
styrene column into a styrene-containlng 
overhead and a residual bottoms fraction, and 
recycling the styrne-containing overbead back to 
the styrene column. 

10 1 9. A method according to Claim 1 7 or 1 8, 
wherein a portion of the residual bottoms fraction 
having a reduced content of polymeric material Is 
recycled back to the first fractionation column of 
the distillation apparatus. 

15 20. A method according to Claim 1 7, 1 8 or 1 9, 
wherein the polymerization Inhibitor is introduced 
into the distillation apparatus by adding the 
inhibitor to the first fractionation column. 

21 . A method according to Claim 1 , 

20 substantially as hereinbefore described with 
reference to, and as illustrated in, the 
accompanying drawings. 

22. A method according to Claim 1 , 
substantially as hereinbefore described in Example 

25 1 or Example 2. 

23. Apparatus for the distillation of a readily 
polymerizable vinyl aromatic compound 
employing as a polymerization Inhibitor 2,6- 
dinitro-p-cresol, comprising: 

30 a. a first fractionation column having reboiler 
means connected thereto for maintaining the 
bottoms of the column at a proper temperature, 
feed lines for Introducing a vinyl aromatic 
compound Into the column, and product lines for 

35 recovering an overhead product and a bottoms 
fraction therefrom; 

b. means for Introducing the said 
polymerization inhibitor into the bottoms of said 
first fractionation column. 

40 c. a second fractionation column having 

reboiler means connected thereto, a feed line for 
transporting the twttoms of said first column to 
said second column for further distillation, and a 
product line for recovering an overhead product 

45 and a bottoms fraction; 

d. a third fractionation column having reboiler 
means connected thereto, a feed line for 
transporting the bottoms of said second column to 
said third column for further distillation, and a 

50 product line for recovering an overhead product of 
high purity vinyl aromatic compound and a 
bottoms fraction; 

e. a flash stripper connected to said third 
fractionation column for removing and recycling 

55 vinyl aromatic compound from said bottoms of 
said third column back to said third column; and 

f. means for recycling a portion of the lx)ttoms 
of said flash stripper back to said second column. 



24. An apparatus according to Claim 23. 

60 further comprising means for recycling a portion of 
the bottoms from the flash stripper back to the 
first fractionation column. 

25. An apparatus according to Claim 23 or 24, 
furtfier comprising a reflux accumulator connected 

65 to the product line of the third column for 
* collecting the purified vinyl aromatic compound 
and returning a portion thereof to the third column 
as reflux. 

26. Apparatus for the distillation of a readily 
70 polymerizable vinyl aromatic compound 

employing 2,6-dinitro-p-cresol as a polymerization 

Inhibitor therein, comprising: 

a. a first fractionation column having reboiler 

means connected thereto for maintaining the 
75 bottoms of the column at a proper temperature, 

feed lines for Introducing a vinyl aromatic 

compound Into the column, and product lines for 

recovering an overhead product and a bottoms 

fraction therefrom; 
80 b. means for introducing the same 

polymerization Inhibitor Into the bottoms of the 

first column, 

c. a second fractionation column which receives 
the overhead product from the first column for 

85 further distillation, the second column having 
reboiler means connected thereto, and product 
lines for recovering overhead and bottoms 
streams therefrom; 

d. a third fractionation column having reboiler 
90 means connected thereto, a feed line for 

transporting the bottoms of the first column to the 
third column for further distillation, and a product 
line for recovering an overhead product of high 
purity vinyl aromatic compound and a bottoms 
95 fraction; 

e. a flash stripper connected to the third 
fractionation column for removing and recycling 
vinyl aromatic compound from the bottoms of the 
third column back to the third column; and 

1 00 f. means for recycling a portion of the bottoms 
of the flash stripper back to the first column. 

27. An apparatus according to Claim 26, 
further comprising a reflux accumulator connected 
to the product line of the third column for 

105 collecting the purified vinyl aromatic compound 
and returning a portion thereof to the third column 
as reflux. 

28. An apparatus according to Claim 23, 
substantially as hereinbefore described, with 

1 1 0 reference to an as Illustrated in Figure 1 of the 
accompanying drawings. 

29. An apparatus according to Claim 26, 
substantially as hereinbefore described, with 
reference to and as illustrated In Figure 2 of the 

115 accompanying drawings. 
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